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DECLARATION OF PETER BROSSART. M.D.. UNDER 37 C.F.R. SI .132 

Sn? 

I, Peter Brossart, MD., of University of Tubingen, Department of Hematology, and 
Gicology, D-72076 Tubingen, Germany, hereby declare: 

THAT, ray curriculum vitae is attached hereto as Exhibit A; 

THAT, I am a named inventor on the above-referenced patent application; 

THAT, through my years of research, I have kept up to date on the technical literature and 
maintained contact with experts in the field by participating in professional meetings and seminars, 
ac d by direct personal contact. As a result, I am familiar with the general level of skill of those 
working in the fields of immunology and clinical transplantation, and in particular the field of graft 
tolerance. 

THAT, I have read and understood the specification and claims of the subject application and 
tb2 respective Office and Advisory Actions; 

AND, being thus duly qualified, do further declare: 

The enclosed publication, Brossart et al. (The epithelial tumor antigen MUC1 is expressed in 
hematological malignancies and is recognized by MUCl-specific cytotoxic T, Cancer Res. 2001 Sep 
1 i ;6 1 ( 1 8):<S846-50; Exhibit B), of which I am co-author, in particular in Figures 4 and 5 as well as in 
the part titled "Materials and Methods" on page 6847 thereof clearly shows that both peptides as 
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currently claimed having the sequences STAPPVHNV and LLLLTVLTV from MUC 1 have utility in 
that they specifically lyse primary cancer cells. 

In detail, T-ceHs that specifically recognize die peptides in question were not only tested 
against cell lines that are representative for several tumors (cf. attached table 2), and with peptide- 
louded antigen-presenting cells, (dendritic cells, c£ Figure 3), but also against primary cancer cells as 
obtained from four different cancer patients. The patients were suffering from Acute Myeloid 
Le ukemia (AML), a common leukemia. Figure 4 clearly shows that not only a renal cancer cell line 
(A498)> but also said primary cancer cells from four different cancer patients are lysed. Furthermore, 
th* cell line SK-OV-3 was used as a HLA-A2-negative control. 

Figure 5 furthermore supprts die results of Figure 4 in that it is shown that T-cells arc specific 
for the peptides as offered, and that the amount of lysis is comparable to the control lysis of peptide- 
lortded croft-cells. In addition, there is no cross-reactivity regarding the peptide-recognition of the T- 
ce\ls. 

In summary, the above references provide strong evidence for a broad utility of the peptides 
of the invention in different cancer types, such as leukemia and renal cell cancer. 

The undersigned declares further that all statements made herein of his own knowledge are 
tree and that all statements made on information and belief are believed to be true; and further that 
thfjse statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Ode and that such willful false statements may jeopardize the validity of the application or of any 
pacent issuing thereon. 

Further declarant sayeth naught. /~) 



Signed: 




Date: 
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[CANCER RES&ARCK 61; $m~6BSO, Septeirfcet 15, 2O0!] 

The Epithelial Tumor Antigen MUC1 Is Expressed in Hematological Malignancies 
and Is Recognized by MUCl -specific Cytotoxic T-Lymphocytes 1 

Peter Bnttsart, Anya Schneider, Patricia Dill, Theodora Schammann, Frank Griinebach, Stefan Wirths, Lothar Kanz, 
Hans-Jor| Btihring, and Wolfram Brugger 2 

University Of Tubingen. Department Of Hematology, Qncohsy* and Immunology. DJT2016 Tubingen. Germany 



ABSTRACT 

The epithelial mucin MUCl is over expressed on the cdl surface of 
many epithelial malignancies as well as on some B-cell lymphomas and 
multiple myxomas. Recently, we identified two HLA-A2 -restricted T-ccU 
epitopes derived from the MUCl protein. To farther extend the potential 
application rf these peptides, we analyzed the expression of MUCl on 
blast cells fr<pm patients with acute myelogenous leukemia (AML; n = 43) 
and several other hematological malignancies including acute lymphoblas- 
tic leukemia \{n = 24), chronic lymphocytic leu kemin {n = 36), hairy cell 
Leukemia (n = 9), follicular lymphoma (tt = 7), and molizple myeloma 
(n = 12). UUng reverse transcription-PCR and MUCl-specific mono- 
clonal antibodies, MUCl expression was foond in 61% Of AML samples 
und 92% of» myeloma samples. To annlyze the presentation of MUC1 
peptides by primary AML blasts, wc induced MTJ CI -specific CTLs in vlttu 
using peptidl ^pulsed dendritic cells from HLA-A24- healthy donors as 
notice n-prewotlog cells. These CTLs efficiently lyscd in ao antigen- 
specific and ^LA-A2 -restricted manner not only target Cells pulsed with 
the antlgenicpeptidc but also tumor cell lines Including multiple myeloma 
cells and primary AML basts that constitutively expressed both MUC1 
and HLA-A2. The specificity of the CTLs was confirmed In a cold target 
inhibition as^ay. Our d?U» demonstrate that MUCl-derived peptides are 
rumor antigens In AML nod several other hematological malignancies that 
could potentially be used for immuaotricrapeatlc approaches. 



rNTRODUtrrioN 

MUCl is \ highly glycosylated type I transmembrane glycoprotein 
that is abundantly overexpresscd on the cell surface of many human 
adenocarcinomas like breast and ovarian cancers. Moreover, MUC1 
expression fas been demonstrated in multiple myeloma and some 
B-cell Non-Hodgkin lymphomas making MUCl an attractive and 
broadly appRable target for imroui>othciapeutic strategies (1-9). Sev- 
eral recent leports (8-12) demonstrated that cytotoxic MHCMinre- 
stricted T from ovarian, breast, pancreatic, and multiple my- 
eloma tumors can recognize epitopes of the MUCl protein core 
localized in :he tandem repeat 

Recently (4), we identified two HLA-A2-binding peptides de- 
rived from tie MUCl protein. One of The peptides is derived from 
the tandem repeat regiqn of the MUCl protean, referred to as ML 1. 
The second peptide (referred to as MU) Is localized within the 
signal sequence of MUCl. Using MUCl-pcptide-pulsed DCs* as 
antigen-presenting cells, CTLs were generated that ly$e4 tumors 
endogenous^ expressing MUCl in an antigen-specific and HLA- 
A2-restrictci fashion. More recently (13), we have shown that 
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MUCl -specific CTLs could also be induced in vivo after vaccina- 
tion of breast and ovarian cancer patients with peptide* pulsed DCs. 

To extend the possible use of MUCl-derived T-cell epitopes in 
immuno therapeutic approaches, wc screened the expression of MUCl 
on normal hematopoietic cells (14) as well as on various hematolog- 
ical malignancies using monoclonal antibodies specific for the MUCl 
tumor antigen. To prove the presentation of T-cell epitopes by the 
malignant cells, we induced MUCl -specific CTLs in vitro using 
peptide-pulsed DCs as antigen-presenting celts. We show here that the 
CTLs generated from several healthy donors by primary tn vitro 
immunization elicited an antigen-specific and HLA-A2 'restricted cy- 
tolytic activity against target cells endogeoously expressing MUCl 
including primary AML blasts and multiple myeloma cell lines, thus 
extending the number of malignancies expressing the MUCl tumor- 
rejection antigen. 

MATERIALS AND METHODS 

Tumor Cell Lines. Tumor cell lines used in the experiments were grown 
in RPIQ medium (RPMI 1640 supplemented with 10% hem -inactive ted FCS, 
2 rxiM i^hiiamroc, 50 /am 2-mcrcap toemanol , and antibiotics). The following 
tumors were used in experiments: MCF7 (MUCI+, KLA-A2+; purchased 
from the American Type Culture Collection),. A 49 8 (renal cell carcinoma, 
MUCI+, HLA-A2+). U266 (multiple myeloma, MUCl +, HLA-A2+). 1M9 
(mnldplc myeloma, MUC1-. HLA-A2+), Croft (EBVHRmiortnlized B-ccll 
line, kindly donated hy O. J. Finn (Pittsburgh, PA), MUCl-. HLA-A2+], 
SK-OV-3 (ovarian cell line, MUCl +, HLA-A3; kindly provided by Dr. O. J. 
Firm, University of Pittsburgh School of Medicine). Blasts from patients with 
AML were grown m RP 10 medium con mining GM-CSF (Lcufcomax; Novartis. 
Basel. Switzerland; 100 ng/ml) for 2 dnya before they were u&+d *$ target cells 
in a Btandard sl Cr>]abeled release assay. 

Cell Isolation and Generation or DCs from Adherent PBMNCi. Gen- 
eration of DCs from peripheral blood monocytes was performed as described 
previously (4, 15, 16). In briet PBMNCs were isolated by Ficoll/Paquc (Life 
Technologies, Inc.) density gradient ccntrifugarion of heparin ized blood ob- 
tained from bufXy coot preparations of healthy volunteers from the blood bank 
of the University of Tubingen. Cells were seeded (1 X I0 7 cells/3 ml/well) into 
6-wcll plates (Co 9 tar, Cambridge. MA) in RP10 media (RPMI 1640 supple- 
mented with 10% heat-inactivated FCS, 2 itim L-glutaminc, 50 uw 2-mercop- 
toethanol, and andbiotics). After 2 h of incubation at 37°C, nonadherent cells 
were removed, and the adherent blood monocytes were culture J in RPlO 
medium supplemented with the following cytokines: human recombinant 
GM-CSF (Lcukomax; Novartis; 100 ng/ml) r IL-4 (Genzymc; 1 000 lU/mJ), 3nd 
TNF- a (Genzymc; 10 ng/ml). The phenotype of DCs was analyzed by flow 
cycomctry after 7 days of culture. Isolation of CD 1 4+ monocytes, CD15+ 
granulocytes, and CD34-J- peripheral blood progenitor cells was performed 
using MACS technology, as recommended by the raonufacturcr. The purity of 
the colls was >90%. 

Immonostalnlng. Cell staining was performed using FITC- or PE-conju- 
gated mouse monoclonal antibodies against CD86, CD40 (PharMingcn, Ham- 
burg, Germany), CD80, HLA-DR. CD54, CD 14 (Bccion Dickmson, Hcidcl- 
berg, Germany), CDS 3 (Coultcr-Immunoteeh, Hamburg, Germany), and CD la 
(OKT6; OnhO Diagnostic Systems). Appropriate mouse IgG isotypes were 
used as controls (Becton Dickinson). The level Of HLA-A2 expression was 
analyzed using a purified monoclonal antibody specific for HLA-A2 (BB7.2; 
data not shown). The MUCl expression was determined using the mono clonal 
antibodies BM-2, BM-7 (Rcf. 17; kiodly provided by Dr. Scpp Kaul, Univer- 
sity of Heidelberg. Heidelberg, Germany), and HMFG-1 (ReL A; IgG I; No- 



6846 



PAGE 5/20 * RCVD AT 2/22/2006 2:04:09 PM [Eastern Standard TimeJ * SVR:USPT0-EFXRF-6/29 * DN!S:2730837 * CS1D:949 760 9502 a DURATION (mm-ss):06*26 



BEST AVAILABLE COPY 

02/22/2006 11:06 FAX 949 760 9502 KMOB 



B006 



I IN HEMATOLOGICAL MALIGNANCIES 



Tabic 1 £tpr*ssfon of MUC- 1 (BM-2) on primary malignant ceJJsfrom patents with 
various hematological malignancies 
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* MF1 T mexfran fluorescence intensity. MtU levels <3 were considered negative levels 
>3 were consiJcrcd to be positive; HCL. hairy cell leukemia: f U follicular lymphoma: 
MCL. mantle »ll lymphoma: MZL, marginal cell lymphoma; c-ALL, common acute 
lymphoblastic eukemim CML-BCmy, chronic myelogenous leukemia in myeloid blast 
crisis: CML-&Oy, chronic myelogenous leukemia in lymphoid blast crisis. 




Fig. 1. Flov cytometric analysis of MUCl expression on AML blasts obtained from 
three difTercnL'-ialienls. The MTJCl expression was determined using unlabeled antibodies 
BM2 (Mt! lire), BM7 {thin *otk! ltn*)> and HMFG-1 (fartd ifn*) by staining with 
FlTC-conjugarai goal sintimouye antibody. Filled histograms represent isorype-matcbed 
control;. 



vocnstra Laboratories, Ncwca&tie, United Kingdom), followed by FITC-con- 
jugatcd goat- amimousc antibody (Bee ton Die kin son). The samples were 
annryzed On i FACScoo CtdibuT (BcCtcn Dickinson). 

RT-PC1U RT-PCR was performed with some modifications as described 
recently (14) Total RNA was isolated from cell ly sates using Qiagen RNcasy 
"Mini" anior -exchange spin columns (Qiagen, Hilden, Germany) according to 
the instructions of the manufacturer. For standardization of the various PCR 
experiments. 1.5 u.g. 2.5 v& or 800 ng of total RNA, depending on the 
different amounts isolated, were Subjected to a 20-uJ cDNA synthesis reaction 
(Superscript 1 First-Strand Synthesis System tor RT-PCR; Life Technologies, 
Inc., Kvrlsnil ie, Germany). OlSgodeojcytbyrnicry Mc was used as primer. cDNA 

(2 wl) were used for PCR amplification. To control the integrity of the RNa 
and die efficiency of the cDNA synthesis, 1 p\ of cDNA was amplified by an 
intron-spann«ig primer pair for the fft-wlcroglobuHn gCOO, The PCR temper- 
ature profiles were as follows: 5 -rain prctrcatmcnt at 94°C and 22 or 25 cycles 
at 94°C for 15 s, annealing at S5°C for 30 a and J2TC for 30 s for the 
fi2-microgfonuIin gene. For the MUC-J gene, 5-min pretreatment at 94°C, 35 
cycles ot 94*^ for \$ s, and annealing at 60*C for 30 s and 72°C for 30 s wore 
applied. Primer sec;uenees were deduced from published cDNA sequences: 
02-micrOgloinilin, 5 '-QG GTTTCATCCATCCGaCaT-3 ' and S'-GATGCT- 
GCTTAC ATGTCTCOA-3 ' ; and MUCK 5 ' -CGTCGTG GACATTGATGG- 
TACW ard i -OGTACCTCCTCTCACCTCCTCCAA-3'. Ten ui of the 
RT-PCR rcai dons were clcctrophorcscd through a 3% agarose gel and stained 
with cehidiun bromide for visualization under UV light. 

Induction of Antigen-specific CTL Response Using HLA-A2-restricted 
Synthotie Peptides. The MUC1 -derived peptides Mi l (amino acids 9SQ- 
958. STAPPVHNV from the tandem repeat domain) and Ml. 2 (amino adds 
12-20, LLL5 TVLTV from the leader sequence) were synthesized using stand- 
ard F-moc cicmistry on a peptide synthesizer (43 2 A; Applied Biosyatcms, 
WcitcT5tadt, 3crmany) and analyzed by reverscd-phase high-pcTformancc liq- 
uid chromatography and mass spectrometry (4). For CTL induction, 5 X 10 5 
DCs were pulsed wirh 50 p.g/ml synthetic peptide for 2 h, washed, and 



incubated with 2.5 x 10* autologous PBMNCa in RPIO medium. After 7 days 
of culture, cells were rcarimuJatcd with autologous pcpridc-pulacd PBMNCs, 
and I ng/ml human recombinant IL-2 (Gcnzyme) was added on days 1, 3, and 
5* The cytolytic activity of induced CTL was analyzed on day 5 after the last 
resriraularion in a standard 5 'Cr- labeled release assay (4, 16). 

CTL Assay. The standard 5 'Cr-Iabcled release ussay wivs performed as 
described (4, 16). Target cells were pulsed with 50 ^gAnl peptide for 2 h and 
labeled with ("Crjsodium chromate in RP10 for 1 h at 37°C. Cells (10 4 ) were 
transferred to a well of a round-bottomed 96-wcll plate. Varying numbers of 
CTLs were added to give a final volume of 200 /j.1 and ineubuied for 4 h at 
37 B C At the cod of the assay, supernstants (50 p,l/well) were harvested and 
counted in a /3-platc counter. The percentage of specific lysis was calculated 
as: 100 X (experimental release — spontaneous release/maximal re- 
lease — spontaneous release). Spontaneous and maximal releases were deter- 
mined m the presence of cither medium or 1% Triton X-100, respectively. 

Antigen specificity of tumor cell lysis was further determined in a cold 
target inhibition assay (4) by analyzing the capacity of pcptidc-pulscd unla- 
beled Croft cells to block lysia of tnmor cells at a ratio of 20:1 (rahibrtorrtHrgct 
ratio). 

RESULTS 

Expression of MUCJ Tumor Antigen on AML Blasts. Tbc ex- 
pression of MTJCl on malignant hematopoctic colls was determined 
using the MUCl -specific monoclonal antibody BM-2 (14, 17). As 
demonstrated in Table 1, MUCl expression could be detected in 92% 
of the samples from multiple myeloma patients and in 67% of the 
blast samples from patients With AML. Interefltingly, the frequency 
and the level of MUC 1 expression were higher on AML FAB M4 and 
M5 blasts as compared with the FAB Ml and M2 subtypes (Table 1). 
An example of MUCl expression on AML blasts from three patients 
is presented in Fig. 1 where three different MUCl -specific antibodies 
were used. The protein expression results obtained by flow cytometry 
were further confirmed using RT-PCR- and MUCl -specific primers 
(Fig. 2A), Interestingly, as demonstrated in Fig. 2B m wc could not 
detect any MUCl tranBcripts in other myeloid cells purified from 
peripheral blood like CD14+ (monocytes) and CD15+ (granulo- 
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Pitt. 2. MUCl mRNA expression in purified peripheral blood and bone marrow cells, 
human tumor cell lines, and primary AML blssu analyzed by RT-PCR: 1.5 »*& W). 2.5 
(£), and SOU ny (C) at total RNA were subjected to cDNA syafhosix a* described in 
"Materials and Methods." Thirty-five rounds of PCR amplification tor MUCl cDNA and 
22 (A and B) and 25 cycles (Q for 02- microglobulin cDNA were performed. PCR 
product: were run on a 3% Bganw gel and vijunliTaed by ethtdmm bromide staining, 
MUCl-posirive cell lines MCF7, U26c% A*98, and MUC l-oepmve IM9 cells were used 
as controls. 
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MUCl IS EXPRESSED IN HEMATOLOGICAL MALIGNANCIES 



Fig- 3. Indu ,titin of MUCI-SpuCifiC CTL itSpOOScS 

by peprfdc-pul-ted mature DCs. Adherent PBMNC* 
wltc tjfown for 7 days in RPiO medium supplemented 
with GM-CSEy 1L*4, and TNF-o. DCs pulsed wilh [be 
synthetic peptide* derived frpm the \fUC protein 

(ML I and Ml i) were used to iodnce 8 CTL respooac 
m wtro. Cyt&ictic activity of Induced CTL (CTL.M1.1 
and CTL.M1.I) was dctermioed in a standard *'Cr» 

labeled relewe assay using ^ multiple myeloma cell 
lines U266 (MUC1 +. HLA-A2+) and IM9 (MUC1-, 
HLA-A2+), a id the EBV-imrtJOrtalizcd B-Ccll line 
C»oft (MUC 1 - . HLA- A2+) as target*. Croft cells were 
pulsed for 2 b with 50 of (he MM (8) or M1.2 
peptide (A.). 
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Ta»rle 2 £ym q/" human tumor cell lines by MUCl -specific CTL 
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*■ The cytotoxic activity of CTL.M1.1 and CTL.M1,2 against human tumor cell lines 

was analyzed i l n standard "Cr-bbclcd release assay. The HLA-A2 and MUCl expres- 
sion was analysed using specific monoclonal antibodies. Dftla are presented from one 
representative -:xperimenL 



cytes) cells Analysis of bone marrow mononuclear cells revealed 
MUCl mRNA expression, as expected, according to our previous 
observation where we could show that a small traction of bone 
marrow mononuclear celts representing the erythroid progenitor cell 
compartment (erythroblasts and normoblasts) express the MUCl pro- 
tein (see Rt f. 14). In addition, we observed that some CD34 ,0W cells 
express MUCl on the cell surface, whereas the more primitive 
CD34 t,nsht CD9(T progenitor/stem cell population was MUCl -nega- 
tive (sec Ref. 14). Similarly, as shown in Fig. 2C, we detected only a 
weak MUC 1 mRNA signal in purified CD34+ cells by RT-PCR. 
These results suggest that the aberrant MUCl expression on A ML 
blasts is presumably a result of oncogenic transformation. 

Induction of MUCl-specific CTLs Using Pep tide-pulsed DCs. 
To analyze 'the expression of MUCl -derived T-cell epitopes by pri- 
mary AML cells, we induced MUCl -specific CTLs in vitro using 
peptide-pulued DCs a$ antigen-presenting cells, as described previ- 
ously (4). ) JCs derived from adherent PBMNCs of healthy donors 
were generated in RP10 medium supplemented with GM-CSF, DL-4, 
and TNF-a 

The two 'recently described MUCl -derived peptides Ml.l (amino 
acids 950-158) and Ml .2 (amino acids 12-20) were used for CTL 
induction if vitro (4). As Shown in Fig. 3, CTL lines CTL.M1.1 and 
CTL.M1.2 obtained after 2 weekly restimulations demonstrated pep- 
tide-specifi: killing. T-cetls only recognized Croft cells coated with 



the cognate MUCl peptide, whereas they did not lyse cells pulsed 
with an irrelevant peptide. 

We further investigated the ability of CTL.ML1 and CTL.M1.2 to 
lyse endogenously MUC 1 -expressing tumor cells. The MUC! -posi- 
tive, HLA-A2-expreasing cell lme$ U266 (multiple myeloma) and 
A498 (renal cell carcinoma) were used as target cells in a standard 
"Cr-labeled release assay. As demonstrated in Fig. 3 and Table 2, 
both CTL tines were able to efficiently lyse V266 and A498 cells 
(both HLA-A2+/MUC1+). There was no lysis of the ovarian cancer 
cells SK-OV-3 (MUCl +/HLA-A3+), IM9 celU (multiple myeloma; 
HLA-A2+, MUCl—), or Croft cells (HLA-A2+, MUC1-), These 
results demonstrate that the presentation of MUCl epitopes in context 
of HLA-A2 molecules on the target cells is necessary for the efficient 
lysia of target cells and confirm the antigen specificity and MHC 
restriction of the CTL. Furthermore, these data show that the MUCl 
peptides can be presented in an HLA-restricted manner by multiple 
myeloma cells on the cell surface. 

Lysis of Primary AML Blasts by MUCl-specffic CTLs. Flow 
cytometric analysis of different tumor ceil types revealed MUCl 
expression on several malignant hematopoetic cells including blasts 
obtained from patients with AML (Fig. 1; Table 1). Therefore, we 
analyzed the presentation of MUC 1 -derived peptides by these primary 

AML blasts and used them as targets in a standard 51 Cr-Labclcd 
release assay. As shown in Fig. 4, CTL.M1.1 and CTLJvll.2 did lyse 
primary MUCl -expressing AML blasts obtained from HLA-A2- 
positive patients, suggesting that MUCl peptides are presented by 
these Icukemias. In contrast; there was no lysis of control cell lines, 
The antigen specificity and MHC restriction mediated by the in 
vitro induced CTL lines was further confirmed in a cold target 
inhibition assay (Fig. 5). The lysis of the AML cells (AMLSch) could 
be blocked by addition of Croft cells pulsed with the cognate peptide, 
whereas cells pulsed with an irrelevant peptide showed no effect. 

DISCUSSION 

Recently, several attempts have been made to define possible 
leukemia-specific CTL epitopes. Fusion proteins such as BCR-ABL 
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Fig. 5. Anl'n cn-^peciflC lysi» Of human AMU blfiStB by 
MUCI -reactive CTL.MJ.I and CTL.Ml.2. Cold target 
inhibiUon assa;\ Human AMU blasts (AMLSch, HLA- 
A2+„ And MU2I4-) were used as rai^eis in a gmiKtanJ 
5, Cr-labded nraue assay. The antigen specificity of the 
CTL Lines was tested in the presence of unlabeled cold 
target*, Coft cells, coated wjth the cognate or an 

irrelevant peptide ot on mhibitOKiarget ratio of 20: 1. 
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in chronic a yelogcnous leukemia, ETV6-AML1 in pre-B acute rym* 
phoblastic leukemia, PML-RARoc in acute promyelocytic leukemia, 
and DBK-C AN in AML resulting from chromosomal translocations 
arc potentia' targets because they are expressed only in malignant 
cells (18). Fi'irthcrmQTc, they represent novel antigens and, in contrast 
to self -proteins, arc not associated with the phenomenon of tolerance. 

An alternative strategy to identify tumor- or leukemia-specific 
T-cdl epitopes is the use of synthetic antigenic peptides derived from 
proteins thai are preferentially expressed or overexpressed in malig- 
nant cells lik; MAGE, HER-2/neu, p53, or MUCI . However, thus far, 
only peptide? from proteinase 3 and WTl proteins have been dem- 
onstrated to elicit antigen-specific lysis of leukemic cells by Cytotoxic 
T cells (19, 20). 

We now cemonstrate that the epithelial mucin, MUCt, is a novel 
tumor antigen in AML that is recognized by MUCI peptide-specific 
CTLs. Rece> fly, we identified two HLA-A2-binding peptides, Ml.l 
and Ml. 2, dirived from the MUCI protein. These peptide epitopes 
were expressed on various epithelial malignancies and were recog- 
nised by MUCI -specific CTLs (4), To extend the possible use ofthese 
peptides in vaccination therapies, we analyzed the expression of the 
MUC 1 tumo- antigen on various hematopoietic malignancies includ- 
ing AML, m ultiplc myeloma, follicular lymphoma, hairy cell leuke- 
mia, and C-L using MUC I -specific monoclonal antibodies. We 
found that MUCI is expressed in 92% of samples from patients with 
multiple myxoma and about 67% of blast samples obtained from 
patients with AML, especially on AML FAB M4 and M5 subtypes. In 
addition, ML CI protein expression was also observed on blasts from 
chronic myelogenous leukemia patients with myeloid blast crisis. 
Finally, MUCl expression was detected on some follicular lympho- 
mas, CLLs. had hairy cell leukemia samples (sec Tabic 1), 

To analyze whether MUCI -derived T-cell epitopes are presented 
by AML cel»s endogenously expressing MUCI, wc induced MUCI 
peptide-speci fie CTLs in vitro and used these CTLs to determine the 
presentation of MUCI peptides on primary AML blasts. DCs gener- 
ated from nrjrmal HLA-A2+ peripheral blood monocytes in the 
presence of (fiM-CSF, IL-4, and TNF-a were pulsed with the MUCI 
peptides ML I and Ml. 2 and used as antigen-presenting cells for CTL 
priming. The* MUC I pcptidc-specific CTL lines CTL Ml.l and CTL 
Ml. 2 were sole to recognize not only target cells pulsed with the 
antigenic peptide but also primary Leukemic blasts and tumor cells 
endogenous^ expressing the MUCI protein in an HLA-A2-restrictcd 
manner, inclu ding the multiple myeloma cell line U266. These results 
arc complementary to reports published previously (11, 12) demon- 
strating that ^multiple myeloma cells can be lyscd by MHC unre- 
stricted MUCi-spccific CTLs. In our study, both Ml.l- and Ml. 2- 
specific CTL; efficiently lyscd primary allogeneic AML blasts from 
HLA-A2-pos tive patients. The antigen specificity of this cytotoxic 
effect was confirmed in a cold target inhibition assay. 

Although cot experimentally demonstrated here, it is likely that the 
MUC 1 -derived T-cell epitope* Ml.l and Ml .2 might also be ex- 



pressed by some B-CLL cells, hairy cells, and follicular lymphoma 
cells. Interestingly, MUCI has been shown recently (21) to be rear- 
ranged and amplified in B-ceU lymphomas by the t(l;14) transloca- 
tion. Tbc authors have shown that up to 16% of B-cell lymphomas 
show a molecular perturbation of the MUCt region that can poten- 
tially lead to its deregulated overexpTession. According to our results, 
the aberrant expression of MUCI on AML blasts could also represent 
an oncogenic transformation, particularly because we could not ob- 
serve MUCI expression on the normal CD 14-h, CD 15+, and the 
CD34 bri * ln cell populations (14). 

There is now growing evidence that in vivo application of DC- 
presenting tumor-associated antigens or adoptive transfer of rumor- 
reactive CTLs generated ex vivo can induce antitumor immunity in 
patients with malignant diseases (13, 22-26). In a Phase I study using 
DCs pulsed with HLA-A2-binding peptides derived from Her-2/neu 
or MUCI tumor antigens, we were recently able to induce peptide- 
specific CTLs in patients with metastatic breast and ovarian cancers in 
vivo without any side effects or autoimmune reactions, especially no 
induction of anemia, demonstrating that MUCI peptides can be safely 
and efficiently applied in clinical studies (13). In addition, although 
MUCI is expressed on normal cells in the gastrointestinal tract aod 
several other tissues including breast and kidney, we did not observe 
any side effects during DC vaccinations. This might be related to the 
lower affinity of the induced MUCl*speci6c T cells (4) or because of 
the higher presentation of MUCI -derived peptides by tumor cells. 

In conclusion, our results extend the list of malignancies including 
AML and multiple myeloma that present MUCl-derived T cell 
epitopes, which increases the possible clinical application of MUC 1- 
derived peptides in vaccination studies. 
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